A general theoretical treatment of energetic oxygen ion conic formation through cyclotron resonance with magnetospheric electromagnetic plasma turbulence is presented. With suitable assumptions, there exists a similarity regime in which the process may be profitably characterized by two parameters v o and o, corresponding roughly to the velocity scale and pitch angle of the ion distribution. These may be independently determined from the wave and particle observations of a conic event, as is illustrated here using typical auroral passes of the Dynamics Explorer 1 satellite. The predictions of the theory are found to be in excellent agreement with the observations.
event might be considered the prototypical ICRH conic.
The similarity between the 81318 conic distribution and those of the conics reported by [Klumpar et al., 1984] motivates an examination of these events within the context of the ICRH conic theory. Moreover, Ternerin [1986] , using the 81288 event as an example, pointed out that a distribution of this sort should result whenever an ion distribution is bulk heated over an extended altitude range. Indeed, granted suitable assumptions on the turbulence, preliminary work [Retterer et al., 1987b] demonstrated that it is possible to reconstruct the form of the 81288 conic using the ICRH mechanism. The next step, which this present work reports, is an examination of the turbulence present during these events and the convincing demonstration that the theoretical mechanism is well able to account for the details. In the process, we shall carry the comparison of theory and observations to a rather unprecedented level of detail in order to stretch the theory to its limits. The point of this paper is the establishment of ICRH conics as an observational class of events with an adequate theoretical explanation.
Organization of this paper. In the next section we delve into some of the details and specifics of the formation of ICRH conics. In the process, the physical setting is reduced to a well-posed mathematical problem. At this point we turn to a review of the particle observations and consider the wave observations. Taken together, these observations define a basis for comparison with the theory and restrict which questions may be asked and which questions answered. With this framework defined, the following section discusses solutions to the mathematical problem and lays the groundwork for the detailed comparison presented in the next section. The final section draws some conclusions from from the material presented in the paper and identifies some implications for future research.
ELEMENTS OF CONIC FORMATION
In this section we discuss the basic ingredients which combine to produce an ICRH conic. Since we are fundamentally concerned with a wave-particle interaction process, we will need to consider some of the details of the waves and their propagation. However, as we shall see, we will not be overly concerned with the creation and maintenance of the turbulence, so this is not a topic which merits considerable detail in the present effort. On the other hand, we are most interested in the effect of the waves on the ion population; for this we need a kinetic theory for the ions and will wish to extract from it as much information as is possible. And of course, all of this takes place within the Earth's ionosphere-magnetosphere system which imposes some considerations which we discuss first.
Global Setting
It is important to state and emphasize at the outset that we are concerned with processes which transpire along the lines of magnetic force. That is, the entire conic formation process may be viewed as taking place within a given flux tube. This is not the only geometry in which to envision the heating of ions. As noted in the introduction, the laboratory community, at the very least, has been conducting ICRF heating experiments for years. In fact, the mechanism plays an active role in equatorial regions of the magnetosphere [Gendrin, 1983] and recent work [Andrd et al., 1988; Peterson et al., 1989 ] builds a fairly strong case that ICRF heating is active in the magnetospheric cusp with an altogether dissimilar geometrical setting.
The statement that ICRH conics are created entirely within a flux tube carries with it the implicit assumption that collective motion across field lines, e.g., E x B, VB, etc. bulk plasma drifts, are negligible to lowest order. One could certainly include these various types of drifts as corrections; but for clarity and in the spirit of doing the zeroth-order physics first, we do not do so here in the basic treatment presented here. It is perhaps appropriate to point out here that there are treatments [Horwitz, 1986; Cladis, 1986 ] which consider such cross-field transport to be the main effect and look to utilization of the potential drop across the polar cap as a means of achieving particle energization. While such transport-domh3ated mechanisms have been proposed for the existence of a class of conics, termed "ion bowl distributions," we shall not discuss such explanations here but instead refer the interested reader to the works cited.
One of the important implications of the confinement of the process within a magnetic flux tube is that the boundary conditions on the particle motion necessary to the well-posedness of the mathematical problem need only be applied at the ends of the flux tube. Simply put, whatever goes in at the bottom goes out at the top with no loss of ions in between. In the events under consideration, the flux of ions into the flux tube at the top (i.e., above the satellite) is negligible, thus we need not concern ourselves with particles that entered the flux tube headed down toward the Earth and through magnetic mirror or other forces are subsequently turned around to become part of the upgoing population. Thus in what follows, our task is to construct only the upward moving portion of the ion distribution function; the downward portion may be taken identically zero. For consistency in the expressions, we denote by v II (>0) the upward component of ion velocity along the magnetic field, and disregard the actual orientation of the field, which changes between hemispheres.
As we shall later see, many details of source distribution function imposed at the bottom of the flux tube turn out not to be important for ICRH conics. As a preliminary consideration, we might expect it to be composed of a thermal distribution of a typical mixture of ionospheric ions. There are a number of effects which could be considered at this point which fall under the general heading of "source preparation." Given the conservation of ions in the flux tube, the density of ions at the source together with the flux-tube geometry entirely determines the density of ions observed. The upward flux of ions at the bottom by itself determines the upward flux at the satellite. Thus work showing the dependence of conic ion flux on the solar cycle [Yau et al., 1988] can be understood in terms of solar cycle variations of the ionospheric source. Another case of source preparation is the notion of preheating. That is, a variety of processes (e.g., unrelated wave-particle interaction processes) might heat some components of the ambient ion population above their normal levels. This is always an issue if one wishes to discuss the relative heating/densities of conics of different species. The effects of source preparation can be incorporated merely by raising the altitude and modifying the characteristics of the source distribution. By way of summary, it might be said that the nicest feature of the geometry is that as far as the particles are concerned, all of the uncertainties are confined to the foot of the flux tube.
With regard to the waves, however, it is a different story. The most fundamental problem is the fact that the concept of a wave involves the relative motions of plasma at points separated in time and space. Given the fact that we are for the foreseeable future limited to point measurements (whether on satellite or rocket) it is clear that there are and will continue to be considerable ambiguities in the interpretation and identification of the wave data. One of the most significant problems here is the difficulty of acquiring information about the k-spectrum of the turbulence; for the present, we cannot dispense with the need for reasonable assumptions. There is also the fact that the motion of the observational platform permits the aliasing quasi-stationary structures as waves. For the most part, these are well-known, standard issues that always arise in treatments such as this [Gurnett et al., 1984] , and we do not have any fresh solutions. We raise the issue mostly because at some level, we reach what is essentially a fundamental assumption which the reader must either accept or reject.
An additional, related problem is that since we discuss a process that is active at all altitudes, we shall need information on the turbulence throughout the flux tube. Again, we have only the information at the satellite, along with statistical information gathered over a number of orbital passes, to guide us in the formation of reasonable models. As with the question of the source distribution, for ICRH conics this will prove not to be a difficult point. Finally, there are additional physical processes, such as the accelerating effect of a field-aligned potential drop, which one might insert at various altitudes in the flux tube. We shall find no need to include them in the present treatment. There is a similar sampling problem in the time domain. The analysis presented in this paper has been carried out under quasistationary conditions. That is, the properties of the turbulence and source distribution are assumed not to vary in time, so that the conic evolution process at one instant in time looks the same as it does at a later time. The reason for this is quite simply that there is little information which can be used to supply a time variation to either of these quantities.
There are a number of preliminaries associated with the way in which the measurements are made. Recognizing that the data are acquired as a time series along the satellite trajectory, there is often a temptation to think in terms of an evolution of the ion population along the same trajectory. Instead, we must remember that the evolution of the ion distribution takes place along the flux tube. What one samples along the trajectory is a sequence of end products of the evolution process (end products as far as we shall be able to observe, that is). The variation of the observations along this trajectory is considerably more reflective of changing conditions at the source or modulations (spatial and/or temporal) in the turbulence. Aside from these imposed conditions, the evolution within a given flux tube can be considered entirely independent of that which transpires within the next. Thus if conditions require it, the data series could even be discontinuous on scale sizes larger than that of a flux tube. Of course, all of this passes through the time resolution of the specific instruments making the measurements.
Wave Turbulence Properties
We now give brief consideration to some of the properties of the wave turbulence present on auroral flux tubes and their effects on the heating of the ions. We are concerned with the electromagnetic turbulence in the ion cyclotron range of frequencies, which for O + ions ranges from a few hertz at low altitudes to less than 1 Hz at a few R•. As we shall see below, the wave-particle interaction we consider is a resonant one: the ions have a secular response to that portion of the turbulence near their cyclotron frequency which is left-hand polarized, and they respond adiabatically to all other frequencies and polarizations. Naturally, this is a simplification, but it does indeed represent the dominant lowest-order effects. This portion of the turbulence which is of immediate interest is immersed within the larger spectrum of electromagnetic auroral turbulence [Gurnett et al., 1984] . The origin and exact nature of this turbulence is still somewhat uncertain, and to properly address these questions would go considerably beyond the scope of the present work. However, a number of the observed features are of interest. One is the fact that the electric field spectral density is typically well represented as a power law in frequency, although with varying spectral index. Additionally, the electric field spectral density was found to be relatively independent of altitude for a given frequency. Moreover, the investigation of the polarization of the electric field perpendicular to the magnetic field showed it to be essentially unpolarized for this frequency range. Finally, a conclusion from the analysis of the observations [Gurnett et al., 1984] was that one could not account for turbulence entirely with static, nonpropagating spatial structures; electromagnetic wave activity was definitely present. We shall later make use of these facts to build an approximate model for the spectrum of turbulence throughout the flux tube below the satellite, based on measurements at the satellite altitude.
Another consideration is the temporal behavior of the turbulence. We shall see that there was significant variation of the spectral power and index in the events presented. The events themselves, however, had durations on the order of minutes; considerably longer than the gyroperiod, flux tube transit time (gyroradius divided by spacecraft velocity) and at worst comparable to the duration of the heating event (i.e., transit time from lower altitudes). Unfortunately, the restrictions of a single spacecraft makes it difficult to sort out spatial and temporal effects: are these real temporal effects or merely variations from flux tube to flux tube? In the absence of definitive answers, we shall assume a quasi-steady state turbulence, and expect modification by factors of order unity should this fail to be the case.
Finally, there are the related questions of the source, maintenance, and composition of the turbulence, which go considerably beyond the scope of the the present work. Gurnett et al. [1984] found support for the notion that much of the turbulence could be due to Alfv6n waves coupling the ionosphere to the magnetosphere [Goertz and Boswell, 1979; Lysak and Dum, 1983]; when measurable, the Poynting flux was directed earthward. On the other hand, it seems likely that no single wave mode can account for all the observations, and indeed, the various allowed plasma wave modes are probably all present to a greater or lesser degree.
On the other hand, one might conclude based on cold plasma wave theory [Stix, 1962] that there could be no appreciable power in left-hand polarized waves near the local ion cyclotron frequencies, as needed for the resonant wave-particle interaction. This is not a problem for several reasons . In a hydrogen dominated plasma, analysis of the cold plasma dispersion relation shows that the gaps in the left-hand polarized wave modes are just above the minority species cyclotron frequency, and that the width of the gap is proportional to the relative density of the minority to the majority species. For obliquely propagating modes the gap is even more narrow. On the other hand, the resonance condition is at the Doppler-shifted cyclotron frequency; i.e., offset from the gap by kllvll, allowing the ions to resonate with left-hand polarized waves both below and above the ion gyrofrequency [Perkins, 1984] . Consequently, we expect that there will be a left-hand component available for the heating of oxygen ions. These waves, however, should not be very effective in accelerating the hydrogen ions because such considerations do not apply to the majority species. In fact, for the 81318 event, the spectral density fell off at the hydrogen cyclotron frequency, providing a reasonable explanation for the fact that those conics were in oxygen.
In addition, for oblique propagation, the right-hand mode loses its pure polarization and acquires a left-hand component. Thus some of the wave power that might propagate down from higher altitudes in a right-hand polarization can be linearly modeconverted to have appreciable power in the left-hand polarization near a local cyclotron frequency [Johnson et al., 1988 [Johnson et al., , 1989 ]. Additionally, one should worry about kinetic modification of the basic cold plasma dispersion; kinetic Alfvdn waves are one possibility [Hasegawa, 1977] . Finally, one can only begin to speculate concerning nonlinear mechanisms which might accomplish a redistribution the relative power among plasma wave polarizations and quasimodes, and in the process eliminate some the the spectral gaps expected from considerations of simple, homogeneous, linear theory. The fact that the spectral shape is typically a power law is a strong suggestion that such processes are at work. These are issues to which further attention should be given.
For the present work, we shall take the viewpoint that the plasma modes responsible for the heating represent some fraction of the total electric field spectral density observed at the local ion cyclotron frequency. Since a Doppler shift enters into the resonance condition, and there is some spread in parallel velocities for the ions, we can think of the net effect as a local frequency average performed about the cyclotron frequency. Thus we shall generally take the spectral shape to be a reasonably smooth function of frequency and not concern ourselves overly with all the irregularities of its shape. This has the effect of removing the gaps of the cold plasma theory from the explicit discussion, although as noted above, it may nevertheless be an important consideration.
Finally, it is important to note that the magnetic component of the wave activity plays no role in the heating of ions. The formulae derived in the next section to describe the heating depend only on the electric field spectral density. Magnetic measurements are important for determining the propagation characteristics of the waves, but since we shall not be dealing with this question we shall not further discuss the magnetic activity.
Heuristic Theory
The basic idea of a heuristic approach is to present the fundamental ideas in as simple a fashion as practical, recognizing that the results are probably rather approximate, but at least pedagogically valuable. Thus for the ICRH conics we follow the original derivation and ask what happens to a typical ion, with charge q and mass mi, which we shall term "mean" in the sense of representing some form of average over the entire distribution of ions. We pick up the story of the mean ion adrift in a sea of plasma wave turbulence at some location l along the field line. By virtue of the notion of a resonant interaction, the ion is oblivious to all except for that fraction of wave power which is in a left-hand polarization within some narrow band about its local cyclotron frequency, l'•(l). Thus the heating rate (3) is directly proportional to the electric field spectral energy density evaluated at the local cyclotron frequency. At the same time, the ion is moving up the field line; its gyrofrequency changes due to the changing geomagnetic field.
Thus it interacts with a band of waves centered on a different frequency, taken from a possibly different spectrum of turbulence. The expression (3) still gives the net resonant heating rate. However, at the same time as it is being heated, the mean ion is still subject to the magnetic mirror force due to the inhomogeneous geomagnetic field. In the absence of heating, this amounts to motion which preserves the ion's energy and first adiabatic invariant (its magnetic moment Wi/B ). There may also be additional forces present, such as an electric field Ell =-d ½/dl due to a parallel potential drop. Thus its motion may be described by equations which incorporate both of these effects (7) being the diffusion coefficient for ions of charge q and mass mi expressed in terms of the electric field spectral density in lefthand polarized waves, IELI 2.
In a more general treatment the right-hand side of equation (6) would also have terms depending on other components of the diffusion tensor D. However, for conics the dominant effect is energization transverse to the magnetic field, which is well described by the sole term that we have retained. The Doppler shift in equation (7) 
The parallel acceleration of the mean particle follows from equations (12) through (14) if we further approximate
This last approximation is the one which renders the mean particle equations heuristic, since it is a good approximation only for relatively cold distributions. No field-aligned potential drop (qb • 0) was required to produce the net upward drift of the conic. One of the interesting results of the simulation (aside from the excellent agreement) is the insensitivity of the result to the initial distribution. Basically, the cooperative action of the diffusion and mirror forces is sufficiently strong to rapidly rearrange the initial form of f into that of a conic. Indeed, in the simulation, the ion distribution was recognizably a conic after only a several hundred km increase in altitude. Thereafter, the form of the distribution remained relatively fixed while becoming more energetic with increasing altitude. This sort of evolution is termed self-similar, and is illustrated in Figure 7 . The sequence of distributions appearing in the left panels of Figure 7 were constructed at 2.0, 1.9, and 1.5 R•r. At the lowest altitude shown, the distribution is clearly still evolving from its initial form, but is nevertheless recognizably a conic. At the highest altitudes, the shape of the conic appears fixed; the distribution is only becoming more energetic with increasing altitude. The right-hand panels are the same distributions subjected to a similarity velocity variable transformation which will be discussed in the next section. Its effect, however, is to render the three right-hand panels nearly identical.
In retrospect, there was an indication in the original discussion of the heuristic theory ] that this should be the expected behavior. There it was found that with increasing altitude, the mean particle approached a constant pitch angle, arctan[(6ot + 2)m/3], while increasing continuously in energy. In fact the dependence of the total mean particle energy on I could be expressed [Retterer et al., 1987a] (30t + 11/2) u3 )2/3 WI + WII = (30• + 1) 2/3 mi (l D 1
which is a power law in altitude. Since the only remnant of the conic's shape preserved by the mean particle representation is its pitch angle, these results are seen to be consistent. The underlying explanation for the self-similar evolution is the fact that the magnetic field and diffusion coefficients are both roughly power law functions of altitude. The former is due to the Earth's magnetic field being roughly dipolar at these altitudes. The latter is a consequence of the power law dependence of the observed turbulence on frequency, equation ( 
i.e., the density of the conic decreases with altitude faster than the flux density, which is consistent with the upward acceleration of the ions.
This velocity scaling converts equation (11) The details are beyond the scope of this paper. However, the basic idea is that a probability density functional P is available to assign relative probabilities to any path W(t ) the ion might take in obeying the Langevin equations for a single particle which may be derived from the kinetic equation from the moments of the conic distribution is not likely to be an accurate procedure. On the other hand, the moments nevertheless contain substantial information concerning the particle distribution and indeed could be used to categorize particle observations, e.g., as an extension of the current use of densities, drifts and temperatures.
AGREEMENT WITH OBSERVATIONS

Preliminaries
With this theoretical groundwork laid, we are now in a position to delve into the details of the two EICS events and compare the model predictions with these data. One way to view the approach of this section is to recognize that the EICS and PWI instruments are making measurements of a priori unrelated plasma phenomena. A wave-particle interaction theory then makes some statements about how these measurements might be related. 
Day 81288
We have already discussed some of the particulars of this event while describing the data reduction in section 3. Thus we first address the extent to which the conic observed is consistent with the form predicted by theory. We would expect to see the most energetic, and therefore best resolved, conic near the peak of the event determined from the wave activity (UT 74800 s from Figure  5 ). We also note from Figures 1, 2a and 2b, that Contours are placed at half decades7 the darker regions denotfi the greatest phase space density. Before discussing this ion data further, we present in Figure  10b the Vo and {j time series obtained from the PWI data using equations (36) and (24). Because the polarization is undetermined, we have presented Vo values corresponding to a range of rim: 1.0, 0.8, 0.6, and 0.4 for the DC data, and 0.8 and 0.6 for the LFC data. These last two values correspond to between 13% and 5% of the total electric field spectral density being left-hand polarized. We note that the general trend of the event is consistent with Figure 5 , and that the DC and LFC data are in general agreement. The DC spectra at this time scale (18 s) are somewhat more dynamic than the LFC data, which have a lower time resolution (32 s). There appears to be some trend for the LFC data to provide somewhat more energetic values of Vo; on the other hand, at these altitudes, the lowest LFC frequency band lies at 1.78 Hz, requiring an extrapolation down to the local oxygen cyclotron frequency. At these time scales, the spectral slope appears to be fairly constant over the displayed interval: 1 <_ a <_ 2; and it is consistent between DC and LFC.
In comparing particles (Figure 10a) with waves (Figure 10b) , we note that the vo presentations are in reasonable agreement, presenting the same general trend of a climax for the event near UT 74800 s. A value of rl in the range 0.2 <_ rl <-0.5 would provide reasonably good agreement between the two sets of observations. The situation for {J is perhaps not as conclusive.
However, as we remarked above, its determination from the EICS data is not likely to be well constrained, particularly for {J >_ 2. To some extent the larger values of {J near UT 74800 s may be an aliasing of the increases in Vo at that time. There is, however, a discrepancy between the two vo plots in the first portion of the time interval.
To examine this discrepancy, we consider the distribution near UT 74730 s. Proceeding as for Figure 9a , we average the EICS data from UT 74710-74752 s to obtain the distribution plotted in Figure 11 . From this we note the presence of a higher-energy, nonconic component at velocities greater than 140 km/s, which is On the other hand, the wave activity appears to increase towards the end of the interval, yet we do not see this mirrored in the ion data. Again, to investigate this discrepancy we produce the suspect distribution: EICS data from UT 63859-63901 s is plotted in Figure 15 . This distribution is considerably farther from being a conic of the similarity-regime type than any we have shown in this paper. One could treat the low-energy portion of the distribution as a contaminant from an unrelated low-energy O + population, (i.e., remove the dark wedge at the origin), but this only increases o and vo by about 5%, which is not terribly Why this might be the case (i.e., eta ½ eta) is another question. In the theory, the wave power at higher frequencies is used to provide heating at lower altitudes. Thus in a model for the event where the wave power is generated at high altitudes and is propagating downward, there would be some reflection of the waves which would tend to make the high altitude observations somewhat more energetic than those at lower altitudes. There is even some suggestion (Figure 9 of Gurnett et al. [1984] Another significant assumption which affects the analysis is the assumption of a quasi-steady evolution process. As indicated in the general discussion above in section 2, this assumption was made mostly in order to simplify the analysis; but at the same time, observations by a single satellite do not provide sufficient information to include these effects. Qualitatively, we still expect to see conics; quantitatively, we would expect some corrections. For the two events we have presented, the wave activity could be characterized by a temporal turn-on, turn-off sequence. Taking causality into consideration, we would then expect to see the peak of wave activity precede that of the conic energy. Indeed, an allowance of -20 s on day 81288 and of -10 s on day 82061 substantially improves the correlation of the Vo plots in Figures  10a and 10b and Figures 14a and 14b. 6. CONCLUSIONS It should be clear at this point that we have built a strong case for the interpretation of a number of conic events in terms of the ion cyclotron resonance heating mechanism. In this paper we have discussed the theory in considerable detail and approached it at a number of levels. At the lowest level, we discussed a heuristic formulation which includes the basic ingredients of the process and, aside from its pedagogic value, allows for easy "back-of-the-envelope" estimates of the zeroth-order physical effects. At the highest level, we have discussed a similarity transformation which allows a reduction of the process to its high altitude, asymptotic limit which permits a classification of conics bases on exactly two parameters, c• and Vo. Similarly, we discussed three separate events on a number of levels. At the lowest level, we saw that the required wave activity for the generation of conics was present at adequate intensities. At the highest level, we examined the detailed times series along the satellite orbit and found that on a flux tube by flux tube basis, our theoretical framework put the wave and particle data into excellent quantitative agreement. We would note that such detailed agreement is rather rarely found in the literature of comparisons of theory with observations, and the only one we know of for the general conic problem.
Given the common occurrence of the required wave turbulence on auroral field lines, and a similar frequency of many conic observations, we would argue that these events are rather typical understanding of the process; it is appropriate to designate them "ICRH conics," as defined in the introduction, rather than the merely descriptive "bimodal" or "bowl-shaped" conic distributions. This is not to assert, however, that this is the only viable mechanism, or that either all conics or all such conics are manufactured via this mechanism.
Indeed, as indicated in the introduction, quite a number of viable mechanisms were proposed prior to the present work on ICRH conics, and new mechanisms continue to be proposed [Ternerin and Rot& 1986; Roth and Ternerin, 1986; Ball, 1989 ]. The point is not that these other mechanisms never work, but rather that there are events where the ICRH mechanism can adequately account for the observations; hence in these events, the other mechanisms are probably limited to effects of higher order. Unfortunately, a determination of this secondary contribution requires even more of the observations than is available for any of the events in the present data set. However, for the events discussed in this paper, it seems likely that such a role is at best secondary: the adequacy of the ICRH mechanism implies that the additional mechanisms would make the conics too energetic; and the additional mechanisms must be consonant with the temporal flow of the events: they must turn on and off with the spectrum of turbulence in the fashion discussed in the preceding section. Additional support for this viewpoint comes from some recent work on cusp conics [Peterson et al., 1989] which showed a likely dominance of the ICRH mechanism over nonresonant heating [Ternerin and Rot& 1986] .
The identification of the events on days 81288, 81318, 82061 as ICRH conics has the obvious corollary that none of the alternate mechanisms often implied by these terms [Klumpar et al., 1984; Horwitz, 1986] These results should introduce a note of caution into any work which infers a potential drop solely from the parallel drift of ions. That is, as an ICRH conic drifts to altitudes beyond the range of the resonant heating, the effect of the mirror force will be to produce a distribution more akin to a beam than a conic. At some altitude, the finite velocity-space resolution of the instruments makes it impossible to distinguish such a distribution from one generated primarily by acceleration through a field-aligned potential drop of a few hundred volts. Thus one should be somewhat cautious in the interpretation of warm ion beam events. Of course, there are many events where a field-aligned potential can be firmly established [Coilin et al., 1986; Reiff et al., 1988] . One should also note that the potential in these latter cases are measured in the thousands of volts.
In addition to these considerations, we note again that most of the assumptions employed in the calculations are also quite secondary to the general viability of the conic generation mechanism. That is, the assumption of a power law frequency dependence for the electric field turbulent spectrum, and a power law dependence of the magnetic field with altitude may readily be relaxed in the presence of more complete information along the flux tube. Unfortunately, such complete information is not likely to ever be available, and it is one of the strengths of the theory that reasonable assumptions obviate the need for this information. A similar unavailability of information would plague efforts to include a realistic time dependence for the flux tube turbulence, rather than the quasi-steady state assumption we have employed in this paper. It is quite likely that some of the discrepancies between the calculations and the observations are indeed due to this missing dependence.
Given the quantitative success of the ICRH conic theory, there is some impetus to return to the wave and particle data sets for a reexamination in the light of the theory. For example, how many 
